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I. Introduction 


—««■ :,rz” ! 

award were: 

n to exDerimentaUy determine the instrumental sampling efficiency, 

1) to experunen y N-MASS performance, 

2) t0 determine the effects of varying temperatures and flows on N MA 

t calibrate the N-MASS at typical flight conditions as operated in WAM. 

^ work outhned above has been completed, and a journal manuscript based on this 
L and .ha, describes the performance of the N-MASS is in prepamtion F—a 
brief description of the principles of operation of the mstrument, the major mg 

study are described. 


n. Principles of operation 0 „ existing mstrun*nt, 

The N-MASS is composed of five, p^alle. ^ ^ 

the ER-2 CNC (Wilson el al„ 1983). In each of the five CNCs, 

from inlet is separated into two streams (Fig. „. Particles are removed with a filter from 
TbLch of the airflow. This particle-flee air passes through a tempera, ure-controlled 
saturator. In the saturator, vapor fiom a perfluorinated organic compoun 
(perfluorotributylamine, 3M’s Fluorinert FC-43) mamtamed at 35 C ^ 

airstream until the saturation vapor presane a, tha, temperature is reached. The P 
Men flow is carried to a vertical cyfinder, wtee the remaining aerosol flow, earned throug 
rtlry tube, is introduced coaxial, into the center streamline. Afler a shori^ 
section in which the Fluorinert vapor diffuses radially into the centra, 
combined flows pass into a cylindrical condenser maintained at a temperature 


“ temperature. With the rapid drop in , ensure, the vapor super.tura.es tmd 
condenses on the panicles. The panie.es grow by continued condensation and reach a size 
a. ,s sensed by a sample optical detector. The ins, run™, produce a count rate ofpanic.es 
tetcan be converted to concentrations by measuring the aernso, florae through the 
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MASS. ' ' SCl,ema “ C dramn8 ° f a candensation nucleus counter comprising a single channel of the N- 

The minimum panic, e diameier detected by the each of the five CNCs (channels, 
Ztid ' C a ^ MASS ° n ‘ he maXinlUnl Va P° r ^rsatumtion encountered by the 

emperle oTr' ” ^ ^ SUJ “ 0 " " * «- -ta 

condZr B b ^ ,emPera,Ure di,fercnCe ^ “» and 

8 pressure and flow and varying the temperatures of the saturators and 

“T T ° f the « h ~ - — e a different minmTm 

de.ec.ahie dtameter for partieies with diameters <,00 an These differences in detection 



efficiency among the five channels can be exploited to provide information on the size 
distribution of panicles in the nncieation mode. A numerical inversion technique is used to 
account for the non-ideal response function of each channel and to provide a more 
continuous recovered size distribution over the range of interest. 

The five CNCs comprising the channels of the N-MASS operate in parallel and 
sample from a common aerosol line (Fig. 2). To maintain a fixed internal operating 
pressure of 60 mb, one of three orifices is chosen depending on upstream, ambient 

pressure. The losses of particles during transit to and downstream of these orifices is the 
subject of a portion of this investigation. 
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Figure 2. Schematic diagram of the flow system in the N-i 


MASS. 


II. Experimental evaluation of sampling efficiency. 






The efficiency with which particles were transmitted through the orifice was 
ed in the laboratory. Particles were generated by vaporizing solid (NH,) 2 SO< in a 
quartz tube within a tube furnace, then nucleating and growing (NH 4 ).S0 4 particles by 
rapid cooling of the vapor a, the tube furnace exit. The particles were then electrically 
neutralized by flowurg them across a radioactive (IMS) source. A differential mobility 
analyzer (DMA) was used to classify the small fraction of the particles that were charged 
The resulting calibration aerosol contained particles with a mean diameter known to within 
3 /o and a diameter distribution width of ±5%. 

The concentration of the generated calibration particles was determined with either 
a Faraday cup/lilter assembly attached to a sensitive electrometer (Keithley Model 642) or 

TSI CNC. h ! SI ” Ul,ane0USl) ' — ealibratkm aerosol stream as the 

1 M CNC and/or the electrometer. 

The counting efficiency of the firs, channel of the N-MASS-the chimnel capable of 
e ec tng , e smallest part,cles-was near 100% over only a relatively narrow range of 

d P r d “’ fr0m 30 *° 70 “ 3). As expected in ,he design of the N-MASS, 

loss S1 °f OSSCS i f ° r PartlClCS W,th diameterS <3 ° 1,01 Were Significant - However, inertial 
7 of particles with diameters >70 nm were no, expected, sime the flow deceleration 

section unmediately downstream of the oriflce-where talial bases are most likely-was 

rgned followutg the criteria established by Pui e, al. (1990, mimmize such effects 

owever, the losses observed-less than 10% for particles with diameters near 100 nm~ 

7Z TV ^ ,he “°" S “ during 

WAM. This ,s because the FCAS, an optica, particle counter, counts and sizes particles 

ger 0 nm. These FCAS data are incorporated into the inversbn algorithm, and 

dommate the portion of the size distribution with diameters exceeding 90 nm recovered 
irom the inversion. 



Figure 3. Counting efficiency of channel 1 of the N-MASS ™ ^ 

~ Particlesi _„ 


III. Effects of vaiying temperatures and flows 


T«s iwre to Jttt™. (I. ^, Jtl , uy i 

^TT « ^ 

0 m e standard value. Greater sensitivity was found to temperature, however In 

t, mamtammg ,he temperatures of the saturator aud condenser of each CNC i th 

prmcipai control problem in the N-Masc tu a- S 

Kelvin d- , a “>'heNMASS. The dtameter of nucleation, approximated by the 

C-eter, depends upon the maximum supetxattuation eneountered h y aerll 

“ ° Wmg ,hr ° U8h ,lB condenser. A, relatively low values of 

sa urahon, small changes m temperature difference between the saturator and 
condenser can produce large excursions in supersaturation (Fig. 4). The result is that. 




rigure 


f» •I'ree ^ ^ beh «» *• 

0f M»ta. CNC, and 3M- S * ^ ^ ** <** •» * 

«** ^ 

to consistently nucleate relatively large r>m , 

between the saturator and condenser mus , ta ^ ' emperature **»« 

absolute temperature of each of the five satur X C °' ,lr0 ' fed ' In the N-MASS, the 

tlK ™ iS,0rS ■» <*— and nutintahted hy “ ", ■“ * ^ “s'"" 
~d by a custom rate-of-cWe D ™e power , 0 each heater is 

temperatures of the condenses are maintained ty", IT' C ° n ‘ r ° l The 

governed by circuits that control the difference! " *****»> ^ «* 

condenser. With this system, the tem ZL^TT ^ ~ - 

difference between the saturator and conde ‘° r ^ ' he tera Pcrature 

^ e zz::^z l :zrr****~*«~~** 

-» - — ~ — r r*t’ - - — - 

calibration aerosol was generated and an ele XrKrmKM StUdy “« efficiency, a 

, and an electrometer and/or a TSI 3025 CNC was used to 
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ccuon, Up 50 , was 54 nm (Tip S'* «/vu- 

diameter, the system exhibited a sensitivity of ■ ^ * C ° f ,Ws Value ' 

temperature eontrol of ± 0 I "C Do f 1 20 nmfC. Given the stated 

C> DP50 for cha ™'' 5 is 54 ran ± 2 ran, or 4%. 



Figure 5. Diameter at which channel 5 of the N-MASS ™ , 

difference in tonperatnre ^ „**“ MM * <*** *» *>% efficiency as a function of 

,he ^ controls the Kcivin diaraeter — i 


IV. Calibration of the N-MASS at flight conditions 


The calibration of the N-MASS is expected shift with changing pressure as the he , 
-d mass transfer tha, control the vapor supersa«u ra ,io„s in each of , h ! 7 

For .ratospheric -nissions, the internal pressure of the N-MASS Is nJa^lTb 
regardless of flight conditions. As a result n„lv - , 

efficiency as a function of particle size need t l " ^ describin 8 ““"‘*8 

Tlsino th * stze, needs to be completed for each channel. 

Wrung the same experimental setup as described in sections fill rrm u 

a ** — 

ils flight-standard internal pressure^ SoTb^gl) '” S,nm,en,ed OPen “ ed al 
particles with D„<9 nm could not be ' ™ “ Sm8 the elec <rameter, 

Produced poor si UZ “ ^ ^ ^ ^ 

^ P-ced a, measurable ^ ^ " “““ 

particles with D < 4 nm ™ u g efficiencies for channel 1 for 

wnn Up < 4 nm could not be determine tu * „ , 

for CNCs, the diameter of 50°/ • 0mm0 y reporte d “figure of merit” 

e diameter of 50% counting efficiency, is ~4 7 14 nfwl „ 

N-MASS channels. * » A 14, 28 and 54 nm for the five 
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determined win, ( a ) a TSI 3025A C 7 ‘ “ * fi " ,C "° n ° f P “ ,l ' c,e diameter as 

—.MASS was 




VI. Summary 


The performance of a new nuclei-mode particle sizing instrument, the N-MASS 
has been studied, menial losses of particles are larger than was anticipated in the design 
Phase of the instrument, but these losses-less than 10% for particles with diameter near 
lOOnm-wdl „ 0 , significantly affect the data quality when the measurements are combined 
optical particle counter. The worst-case sensitivity of the instrument to variations 

" ,lK ,he ™ od ^» i < : ™«Mons in the condenser is telatively small. Given the precise 
regulation of the thermal control circuits, the expected variations in particle sizing should 
be <4%. Calibration of the N-MASS by two standard technique-* TSI 3025A 
condensation nucleus counter and a Faraday cup and electrometer assembly-show very 
good agreement. The diameters of 50% counting efficiency are -4, 7, 15, 28 and 54 nm 
for the five N-MASS channels. This research effort has demonstrated that the N-MASS is 
a robust system that can be calibrated with relatively common laboratoty techniques 
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